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Change in Variance Components Associated with Milk 
Records with Time and Increase in Mean Production 
L. D. VAN VLECK 
Department of Animal Husbandry, Cornell University, Ithaca, New York 
Abstract 
First-lactation milk records of artificially 
sired Holstein cows in New York were 
analyzed by a sire-by-herd varianee com- 
ponent analysis separately for each year 
from 1954 to 1962. The two variables 
analyzed were 305-day, 2 ×, mature quiva- 
lent records and the mature equivalent 
records expressed as deviations from the 
average of their herd-mates. The total 
variance steadily increased with change in 
time. Most of the increase (r = .97) was 
accounted for by increase in nlean produc- 
tion. The relative inerease in the sire com- 
ponent of variance was slightly faster than 
the increase in residual variance. Thus, 
heritahility estimated from the paternal 
half-sib correlation tended to increase 
slightly. The difference in variance with 
time could bias the heritability estimate 
from daughter-data regression upward by 
about 10% in these data. This bias does 
not account for all the difference in herita- 
bility estimates from paternal half-sib cor- 
relation (.25) and daughter-dam regression 
(.40) for the records analyzed as devia- 
tions. For mature equivalent records the 
estimates from both methods were .36. 
The difference in heritability estimates of 
first-lactation deviations from herd-mate aver- 
ages between daughter-dam regression (.44) 
and paternal half-sib correlation (.25) reported 
by Bradford and Van Vleck (1) led to the 
present study. Studies with records of various 
relatives and with records of relatives in the 
same and different herds have not satisfactorily 
explained the difference in estimates, although 
genetic variance due to additive by additive 
and higher-order additive interaction effects 
and environmental correlations appear to be 
relatively unimportant (5, 7). 
The results reported here were obtained from 
separate analyses of the data for each year, in 
an attempt to eliminate confounding of sire 
effects with year-season effects due to date of 
entry into service as a source of bias in esti- 
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mating the paternal half-sib correlation. An- 
other reason for estimating variance compo- 
nents for each year was to determine the trends 
in variance. Data were available to test this 
only for a few years. 
Data and Methods 
The data are tile same as those used by Van 
Vleck and Bradford (6), except that only the 
first-lactation records were used. Briefly, these 
data consisted of first-lactation (305-day, 2×,  
M.E.) milk records of artificially sired Holstein 
daughters and their dams made in New York 
herds between 1950 and 1962, available in the 
files of the New York DaiI T Records Processing 
Center. Variance and covariance components 
were estimated for a random effects model con- 
sisting of sire, herd, sire-by-herd interaction, 
and residual effects for both mature equivalent 
records and mature equivalent records expressed 
as deviations from their herd-mate averages 
(3). These analyses were made for each year 
of freshening of the daughters extending from 
1954 through 1962. The records of cows fresh- 
ening in the summer season (April-July) of 
freshening were excluded, since the average 
summer production is lower than the two other 
seasons. For example, the data for 1954 in- 
eluded records of cows freshening from August, 
1954, to March, 1955, inclusive. 
Daughter-dam regressions were computed 
from the within herd-sire variance and covari- 
anee components. Inspection of the results sug- 
gested that the variance component associated 
with the sire-by-herd interaction term either 
should be added to the residual component or 
interaction term eliminated from the model. 
Both procedures were followed in estimating 
the daughter-dam regressions, although the com- 
ponents for sire-by-herd interaction are also 
given in the results. 
The numbers of records, herds, sires, and 
sire-by-herd subclasses, as well as the average 
records, both mature equivalent and deviations, 
for the analysis for the data of each year are 
given in Table 1. 
Results and Discussion 
The components of variance for each year 
are given in Table 2, for both the full model 
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Number of records and aughter and dam means for each year 
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No. 
Means 
Daughter Dam 
Sub- 
Year Records classes Herds Sires Dev. M.E. Dev. M.E. 
(~g ~iZ~)- 
1954 624 578 372 55 -49 5635 61 5709 
1955 979 900 541 81 -15 5767 139 5776 
1956 2,386 1,261 666 92 -73 5654 145 5784 
1957 ],445 1,276 687 97 --58 5846 173 5800 
1958 1,673 1,457 754 123 64 6010 176 5857 
1959 2,091 1,790 850 139' 127 6148 152 6148 
1960 2,809 2,319 1,074 155 --17 6228 157 5928 
1961 3,454 2,786 1,273 160 --24 6279 178 5993 
1962 2,915 2,381 1,201 150 16 6660 ]78 6071 
and the model which ignores the interaction 
term. The estimates are not given as percent- 
ages, since that would obscure any trends to 
increase or decrease in the components of 
variance. 
The most noticeable trends are the steady 
increases in residual and total variance for  all 
analyses. The question then is, What  is caus- 
ing the increase or decrease in the components 
of variance? The regressions of the variance 
components on the yearly mean milk yield and 
on time are given in Table 3. Both mean yield 
and time ignoring the other account for  most 
of the increase in total variance. 
The close correlation between mean yield 
and time as shown in Table 1 led to a considera- 
tion of the regression of the variance compo- 
nents on mean yield and time independent of 
the other by multiple regression. The multiple 
regression did not give any better fit than the 
linear regression on mean yield. The conclu- 
sion, then, is that there is a very high correla- 
tion between mean and variance in these data. 
The variances of records expressed as deviations 
have a slightly higher relationship to mea~ 
yield than do mature equivalent records. 
The sire component also appears to be in- 
creasing steadily with time. There is, in fact, 
a significant regression of this component on 
mean yield. The herd and sire-by-herd com- 
ponents fluctuate considerably. The regressions 
of the herd component on mean yield are small 
and not significant, although considering both 
mean and time increases the multiple correla- 
tion considerably. The sire-by-herd component 
appears to be decreasing for mature equivalent 
records and increasing for deviations, although 
neither regression is as large as its standard 
error. The opposite tendency is noted for the 
herd component. 
TABLE 2 
Components of variance for two statistical models for milk yield expressed in 10's of kilograms 
Year 
Deviations Mature Equivalent 
Sire Herd S × H Error Total Sire Herd S × H Error Total 
Model includes sire, herd, 
1954 495 820 
1955 511 --12 
1956 484 9 
1957 794 829 
1958 618 794 
1959 776 472 
1960 692 44 
1961 608 278 
1962 969 438 
Model includes sire, herd, 
1954 527 1114 
1955 495 --85 
1956 555 352 
1957 762 678 
1958 617 787 
1959 803 663 
1960 730 332 
1961 632 541 
1962 1001 901 
sire-by-herd, and reslduM effects 
2135 5648 9098 362 4466 2091 5252 12171 
--530 10157 10126 664 4649 --337 9152 14129 
3157 5615 9266 780 4802 2812 4964 13358 
--1055 9552 10119 1153 5129 --1204 8451 13529 
--52 8724 10084 804 5307 -544 7834 13401 
]458 8751 11458 1056 4400 343 8211 14011 
1784 9954 12430 952 4356 576 9840 15724 
1566 10484 12936 938 5293 343 10185 16758 
2607 •0375 14388 1257 4822 937 10374 17391 
and residual effects 
...... 7459 9]00 393 4754 ...... 7364 12145 
...... 9715 10125 654 4604 ...... 8871 14128 
...... 8361 9268 843 5107 ..... 7410 13360 
...... 8678 10118 1116 4957 ...... 7454 13527 
...... 8680 1084 790 5226 ...... 7385 13401 
...... 9992 11459 1063 4446 ...... 8503 14011 
...... 11414 12475 964 4449 ...... 10312 15724 
..... 11764 12937 943 5351 ...... 10465 16759 
12487 14389 1269 4989 . 11133 17391 
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TABLE  3 
Results of  regression of variance (10 kg) s on yearly mean (kg) and t ime (years)  
On mean On t ime On mean and t ime 
Component 
of variance bw a SbVM b rvM c bvT Sbvw rvT bwi • w bvz. M rv. MT 
and residual effects Model includes sire, herd, sire-by-herd, 
Deviations 
Sire .84 .25 .79 43 16 
Herd -- .16 .86 --.07 --16 48 
S ×H 2.21 3.48 .23 132 194 
Error 8.65 3.39 .69 463 197 
Total 11.52 1.05 .97 621 88 
Mature Equivalent 
Sire 1.30 .45 .73 78 23 .78 463 --.07 .79 
Herd .25 .91 .10 29 50 .21 919 --.62 .42 
S ×H -1 .71 3.05 --.21 --92 171 --.20 2 --.35 .21 
Error 10.34 2.96 .80 552 178 .76 --158 2.24 .80 
Total 10.18 1.90 .90 566 109 .89 1,226 1.21 .90 
Model includes site, herd, and residual effects 
.23 .82 45 14 .77 - 71 .23 .82 
.86 .19 16 49 .12 --427 .40 .27 
1.76 .91 561 108 .89 725 1.58 .91 
1.06 .97 622 88 .94 228 2.21 .97 
.72 --118 .26 .80 
--.12 --428 .28 .21 
.25 827 --.14 .25 
.66 -- 55 1.82 .69 
.94 208 2.22 .97 
Deviations 
Sire .86 
Herd .44 
Error 10.24 
Total 11.54 
Mature Equivalent 
Sire 1.26 
Herd .16 
Error 8.44 
Total 10.20 
.43 .74 76 22 .80 482 --.09 .80 
.81 .07 23 45 .19 827 --.57 .41 
1.95 .85 445 124 .80 --404 2.03 .85 
1.91 .90 568 109 .89 1,252 1.19 .90 
Regression coefficient. 
b Standard error of the 
" Correlation coefficient. 
regression coefficient. 
Why the sire component  is genera l ly  la rger  
fo r  mature  equ iva lent  records than  fo r  devia-  
t ions is somewhat  puzz l ing .  A poss ib i l i ty  is 
that  there are  some herd -by -season  or  month -  
o f - f reshen ing  in teract ion  effects, s ince the year  
fo r  these ana lyses  cons isted o f  e ight  cont inuous  
months .  Confound ing  of ent ry  date into service 
for  sires with season effects may lead to par t  of  
the interact ion  var iance  be ing  forced to the sire 
component  for  the mature  equ iva lent  ana lyses .  
Express ing  records as dev iat ions  f rom herd-  
mate  averages  shou ld  remove most  of  the season 
effects and  also most  o f  the herd -by -season  
in teract ion  effects. 
The wi th in  herd  es t imates  o f  her i tab i l i ty  
f rom paterna l  ha l f - s ib  corre lat ions  and  daugh-  
te r -dam regress ion  are shown in Table 4. The 
regress ions  of these es t imates  on t ime were all 
TABLE  4 
Heritabi l i ty est imates within herd from paternal  half-sib correlation and within herd-sire 
daughter -dam regression 
Analys is :Model  
Year 
1954 1955 1956 1957 1958 1959 1960 1961 1962 Avg  
Regres- 
sion on 
t ime 
Deviat ions : 
(S ,H ,  S x H ,E )  
Pat.  sib .24 .20 .21 .34 .27 .28 .22 .19 .28 .25 .0015 
Dau.-dam .24 .44 .44 .55 .40 .34 .40 .32 .49 .40 .0058 
(S, H, E) 
Pat.  sib .26 .19 .25 .32 .27 .30 .24 .20 .30 .26 .0025 
Dau.-dam .20 .37 .43 .51 .39 .32 .40 .34 .47 .38 .0123 
Mature equivalent : 
(S, H, S x H, E) 
Pat.  sib .19 .28 .36 .55 .40 .44 .33 .33 .40 .36 .0137 
Dau.-dam .22 .49 .41 .37 .40 .33 .33 .23 .47 .36 .0003 
(S, H, E)  
Pa%. sib .21 .27 .41 .52 .39 .44 .34 .33 .41 .37 .0127 
Dau.-dam .20 .42 .39 .37 .39 .32 .37 .27 .46 .35 .0083 
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nonsignificant, although th e yearly increase for 
the estimate from half-sib correlation for nm- 
ture equivalent records was about 1.3%, whereas 
for deviations the increase as shown by the 
regression coefficient was about 0.2%. The re- 
gressions for daughter-dam estimates on time 
were also positive, although not consistent from 
mature equivalent to deviation records or from 
the full model to the reduced model. 
The unweighted averages of the heritability 
estimates how the pattern found by Bradford 
and Van Vleck (1) and Van Vleck and Brad- 
ford (5, 6). For deviations, the daughter-dam 
estimates are substantially higher than the pa- 
ternal half-sib estimates. The two methods of 
estimation from the mature equivalent records 
provide almost identical estimates only slightly 
lower than the daughter-dam estimates for de- 
viations. Whether there is enough confounding 
of sires with season effects to increase the half- 
sib estimates from about .25 to .36 is unknown. 
I f  the sire component is inflated with less than 
3% of the total variance, this could easily ac- 
count for the increase from .25 to .36. Van 
Vleck and Bradford (6) reported estimates 
considerably higher than these from half-sib 
analyses of mature equivalent records. Their 
analyses did not consider season effects and 
their data extended over the entire range of 
that used here. 
I f  the true paternal half-sib estimate is .25, 
why is the daughter-dam estimate so much 
higher? A maternal effect is a possible cause 
and was postulated by Van Vleck and Bradford 
(6). The analyses of Van Vleck and Hart  (7), 
however, tend to dispute this conclusion, al- 
though they presented evidence that environ- 
mental correlation probably accounted for no 
more than .02 of the difference between the 
paternal half-sib and daughter-dam estimates. 
Change in variance may account for par t  of 
the difference through the daughter-dam eovari- 
ance, although change in variance may in some 
way also affect the estimation of the sire com- 
ponent. The latter is unlikely in the present 
study because of estimating components of 
variance for each year of the data. For  ex- 
ample, the average yearly change in within 
herd and sire variance of deviations was 561 
for the reduced model. The variance of daugh- 
ters for 1954 was 7,459. Van Vleek and Hart  
(7) reported an average time difference between 
daughter and dam records of 49 months. An 
estimate of the variance of daughters 4 yr later 
would be 7,459 + 4(561) ---- 9,703 (not quite 
what the 1958 value really was) or 125% of the 
variance of the dam's generation. The eovari- 
ance between the 1958 daughters and their 
1954 dams would be accordingly increased by 
(1.25) ½ ---- 1.12 over what it would have been 
if the variance had not changed. A corrected 
estimate of heritability could be obtained by 
dividing the biased estimate by 1.12. This could 
account for about .04 of the difference in 
heritability estimates. I f  environmental corre- 
lation also accounts for .02-.04 of the difference, 
the daughter-dam heritability estimate can be 
reduced to .30-.32, not much different from the 
half-sib estimate for deviations. 
There was evidence for selection of dams 
based on the higher first-lactation average devia- 
tions of the dams over their daughters. This 
does not agree with the recent summary and 
results of Miller and Corley (4). The daughter- 
dam regression method of estimating herita- 
bility takes this selection into account. The 
apparent reduction in variance of dam records 
contrasted to daughter variance in the reports 
of Bradford and Van Vlcek (1) and Van Vleck 
and Bradford (5, 6) was probably not entirely 
due to selection but partial ly due to the increase 
in variance with time. 
Conclusions 
There has been a steady and substantial in- 
crease with time in the within herd-sire and 
total variances for both mature equivalent rec- 
ords and deviations from herd-mate averages. 
Much of this increase can be accounted for by 
the increase in mean production. The sire 
(genetic) component of variance has also in- 
creased steadily and relatively, although only 
slightly, faster than the increase in residual 
variance. Thus, apparent heritability from 
paternal half-sib correlation has tended to 
increase slightly. Variance components due to 
herd and sire-by-herd interaction effects have 
changed relatively little. Estimates of herita- 
bility from daughter-dam regression have also 
tended to increase slightly. The daughter-dam 
regression can be shown to be highly susceptible 
to bias, due to the change in variance from the 
time of the dams~ generation to the daughters' 
generation. The apparent upward bias is about 
10%. Even this bias and a small bias due to 
environmental correlation between daughter and 
dam records do not account for atl the difference 
in heritability estimates between daughter-dam 
regression and paternal half-sib correlation. A 
general statistical rule is that if the mean is 
directly related to the variance an appropriate 
transformation of the data should be made. The 
original rule applied generally to variables fol- 
lowing a Poisson distribution. Whether such a 
transformation is appropriate or desirable for 
milk records is probably debatable. Dickerson 
40 L. D. ~'AN YLECK 
(2) has shown, however, that  mmqual variances 
in different envh'onments can give misleading 
estimates of components of variance, due to 
genetic-by-environmental  interact ion effects. A 
suitable t ransformat ion may, therefore, reduce 
the sire-by-herd components found in this study 
(considered un important ) .  The over-all conclu- 
sion is that  t ransformat ions should be tried, to 
see if scale factors are causing the difference in 
estimates of heritabi l i ty from daughter-dam 
regression and paternal  half-sib correlation. 
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